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In our clinical experience of the last 4 years, we
have found the adjuncts of cerebrospinal fluid drainage
and distal aortic perfusion play a significant role in the
reduction of neurologic deficit (paraplegia or para-
paresis) after thoracoabdominal aortic aneurysm
repair.1-3 We currently use this method of spinal cord
protection in all instances, except in rare cases in
which cross-clamping of the distal arch or proximal
descending aorta is hazardous because of rupture,
excessive aortic size, or atheromatous plaque and
debris. In these cases, we resort to profound
hypothermic circulatory arrest (PHCA). Also, on
occasion, intraoperative catastrophic bleeding from
laceration of the aorta during dissection to gain prox-
imal control has led us to make the decision to use
PHCA. Originally used by Borst and colleagues4 in
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Purpose: Although some authors advocate hypothermic circulatory arrest for spinal cord
protection in descending thoracic and thoracoabdominal repair, this method has been
associated with high morbidity and mortality rates in other studies. The safety and effec-
tiveness of this surgical adjunct were evaluated.
Methods: Between February 1991 and April 1997, 409 patients underwent thoracic or tho-
racoabdominal aortic repair. Because of an inability to gain proximal aortic control because
of anatomic or technical difficulty, hypothermic circulatory arrest was used in 21 patients
(4.9%). Thirteen patients were men, 8 were women, and the median age was 57 (range, 21
to 81 years). Four patients (19%) had Marfan’s syndrome, and 1 had aortitis. Seven
patients (33%) had aortic dissection (4 chronic type A, 2 chronic type B, 1 acute B), and 1
had aortic laceration. All but 6 patients had hypertension. Fifteen patients (73%) were
operated on for repair of the distal arch and descending thoracic aorta, 4 (19%) for repair
of the distal arch and thoracoabdominal aorta, and 2 for repair of either the thoracoab-
dominal or descending thoracic aorta alone. Surgery for 9 patients (43%) also included
bypass grafts to the subclavian or innominate arteries. Six operations (29%) were urgent.
Results: The overall 30-day mortality rate was 29% (6 of 21 patients). Among urgent
patients, the mortality rate was 50% (3 of 6 patients) versus 20% (3 of 15) for elective
patients. Of the remaining 15 patients, renal failure occurred in 1 (7%) and heart failure
in 2 (13%). Ten patients (67%) had pulmonary complications. Encephalopathy occurred
in 5 patients (33%) and stroke in 2 (13%), and spinal cord neurologic deficit developed
in 2 (13%). The median recovery was 28 days (range, 10 to 157 days).
Conclusion: Hypothermic circulatory arrest did not reduce the incidence of deaths and
morbidity to a rate comparable with our conventional methods. We recommend the judi-
cious application of this method in rare instances when proximal control is not feasible
or catastrophic intraoperative bleeding leave the surgeon with no other option. (J Vasc
Surg 1998;28:591-8.)
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1964 in the repair of a traumatic distal aortic arch-
innominate vein fistula, the technique is most often
used today in surgery of the ascending aorta and arch.
Although some individuals endorse PHCA as a pri-
mary method for spinal cord protection,5-7 others
question the wisdom of replacing decreased morbidi-
ty with increased mortality.8 We present the applica-
tion of PHCA in 21 patients with lesions of the tho-
racic and thoracoabdominal aorta. We also review the
experiences of other authors in this field in an effort
to clarify the basis for using this technique.
PATIENTS AND METHODS
Between October 1991 and December 1996, we
operated on 409 patients for disease of the thoracic
and thoracoabdominal aorta. Of these patients, 21
underwent PHCA with left thoracotomy. Among
these patients, there were 13 men and 8 women
with a median age of 57 (range, 21 to 81 years). The
extent of aortic disease was the distal arch and
descending thoracic aorta in 15 of 21 (73%)
patients. Disease in 4 patients involved the distal
arch and thoracoabdominal aorta, and 2 patients
had disease of either the descending thoracic or tho-
racoabdominal aorta. Associated diseases are listed
in Table I. Pathology reports showed medial degen-
erative disease of the aorta in 11 (52%) patients, ath-
erosclerosis in 12 (57%), and mural thrombus in 7
(33%). Acute dissection (type B) was the cause of
aortic disease in 1 patient, and chronic (type A) dis-
section was the cause of aortic disease in 4 individu-
als with Marfan’s syndrome. Two patients had a type
B chronic dissection. One patient had traumatic lac-
eration of the aorta at the level of the ligamentum
arteriosum. Aortic graft replacements had been per-
formed previously in 4 (19%) patients for abdominal
aortic aneurysm, in 2 (10%) for proximal descending
thoracic aortic aneurysm, in 2 (10%) for descending
thoracic aortic coarctation, and in 4 (19%) for the
ascending aortic aneurysm. Other previous aortic
operations included orthotopic heart transplant in 1
(5%) patient, aortic valve replacement in 5 (24%)
patients, and coronary artery bypass grafting in 3
(14%) patients. 
OPERATIVE TECHNIQUE
We used a modified left thoracoabdominal inci-
sion for descending thoracic or type I thoracoab-
dominal aortic aneurysm, entering the pleural cavity
through the sixth intercostal space and removing the
sixth rib. The costal cartilage was excised. We dis-
sected the diaphragm off the thoracic aorta until the
celiac axis was exposed, or we opened the abdominal
cavity for extensive type II thoracoabdominal aortic
aneurysms. The lung was deflated. After making a
left groin incision, we exposed the left common
femoral artery and vein for cannulation and car-
diopulmonary bypass. The patient was anticoagulat-
ed with sodium heparin, and cooling was begun. The
left atrium was cannulated to augment venous
drainage and cardiopulmonary bypass and, at the
same time, to decompress the left ventricle. Once the
patient’s pupils were fixed and dilated and the EEG
was isoelectric, we placed the patient in a head-down
position. The circulation was arrested. We monitored
both nasopharyngeal and rectal temperatures. A sin-
gle clamp placed on the descending thoracic aorta
above the diaphragm established cerebral ischemia
while the distal aorta was perfused. The aneurysm
was then opened, and the graft was sutured proxi-
mally to the distal arch, the proximal descending
aorta, or, on rare occasion, the ascending aorta. After
the proximal anastomosis was completed, a side arm
graft was sutured into the proximal aortic graft. An
arterial line was then inserted into the side arm graft,
and flow was established to the cerebral and coronary
circulation. In the last 15 cases, we inserted the arte-
rial line cannula directly into the graft. The maneuver
of proximal perfusion was used in all patients. We
reattached patent intercostal arteries 8 to 12 to the
graft. In cases of acute aortic dissection, the inter-
costal arteries were oversewn. The graft was stretched
and sutured distally to the aorta above the celiac axis
or, if the aneurysm was a type II, above the iliac
bifurcation after reattachment of the visceral vessels
to the graft. Before completing the distal anastomo-
sis, with the patient still in the head-down position,
we flushed the graft and native aorta at both ends to
remove all air and debris. On completion of the dis-
tal anastomosis, all clamps were removed, and flow
was restored to the intercostal arteries. Rewarming
through the side arm graft continued until the
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Heart disease* 5 24
Marfan’s syndrome 4 19
Cerebrovascular injury 3 14
Diabetes mellitus 2 10
Chronic renal failure 2 10
COPD, chronic obstructive pulmonary disease. 
*Heart disease, aortic valve disease, athero-occlusive coronary
artery disease, or cardiomyopathy. 
patient’s rectal temperature reached 37°C. Once the
heart was defibrillated to sinus mechanism, establish-
ing a good heart rate and blood pressure, the
patient’s head was elevated. We weaned the patient
from cardiopulmonary bypass and removed all
venous and arterial cannulas. The anticoagulated
state was reversed using protamine sulfate. In 9
patients, intraoperative coagulopathy required blood
and blood component therapy in units of cell saver,
fresh frozen plasma, packed red blood cells, platelets,
and cryoprecipitates. Fig 1(A to F) illustrates the
repair of a chronic type B aortic dissection and type
II thoracoabdominal aortic aneurysm. 
RESULTS
Mortality. Six patients died within 30 days of
surgery. Two intraoperative deaths were caused by
cardiac arrest, and a third death, also caused by car-
diac arrest, occurred in the immediate postoperative
period. Of the 6 patients in whom PHCA was used
on an emergency basis, 3 (50%) died, versus 3 of 15
(20%) patients operated on for elective repair. No in-
hospital deaths occurred after 30 days. Table II sum-
marizes preoperative diagnoses and causes of death.
Morbidity. Intraoperative morbidity included
coagulopathy in 8 of 21 (38%) patients and
hypotension in 2 (10%). On 3 occasions, left pneu-
monectomy was performed to control a hemor-
rhagic lung. After graft replacement in 1 type II
thoracoabdominal aortic aneurysm patient requir-
ing pneumonectomy, the greater omentum was
mobilized and used to cover the thoracoabdominal
graft and the bronchus (Fig 1F). The early postop-
erative complications of 19 surviving patients are
listed in Table III. Pulmonary complications,
including respiratory failure, edema, effusion, hem-
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Fig 1. A, Type II thoracoabdominal aortic aneurysm and chronic type B aortic dissection, 
status post descending thoracic aorta replacement. B, Femoral-femoral bypass graft.
orrhage, and clotting occurred with the greatest
frequency in more than half of the patients (Figs
2A, B). Stroke occurred in 6 of 19 patients (32%).
Encephalopathy included any patients suffering
from abnormal process of the central nervous sys-
tem caused by numerous etiologic factors, such as
metabolic dysfunction, renal insufficiency, sepsis,
or ventilator-dependent state. Encephalopathy
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Table II. Causes of death
Patient Age
number (years) Diagnosis Cause Urgent?
1 64 Distal arch, DTAA (previous TAAA repair) Interoperative coagulopathy, left pneumonectomy, No
myocardial infarction
2 73 DTAA (chronic A aortic dissection) Left pneumonectomy, bleeding left lung, cardiac arrest Yes
3 81 Distal arch, DTAA (previous AAA repair) Coagulopathy, left ventricular failure Yes
4 66 Distal arch DTAA Chronic renal failure, cerebral emboli, possible infarction, No
stroke
5 61 Distal arch, DTAA, right-sided arch, acute B Stroke, multisystem organ failure Yes
aortic dissection
6 64 DTAA Stroke, renal failure No
DTAA, descending thoracic aortic aneurysm. TAAA, thoracoabdominal aortic aneurysm. AAA, abdominal aortic aneurysm.
Fig 1 (cont’d). C, After proximal anastomosis, rewarming was begun. D, Completed graft
replacement.
occurred in 5 of 19 (26%) patients. Spinal cord
neurologic deficit occurred in 2 of 19 (11%)
patients. Spinal cord neurologic deficit developed
in a 37-year-old male patient who was previously
operated on for acute type A aortic dissection with
aortic root dilatation (Figs 3A, B). Because of
chronic type A aortic dissection, he subsequently
underwent surgical repair of his ascending, trans-
verse arch and thoracoabdominal aorta with graft
replacement of the intrathoracic portion of his left
subclavian artery. On postoperative day 1, the
patient awoke with paraparesis because of spinal
cord ischemia. He was treated with glycerol and
physical therapy throughout his hospital stay. Seven
patients who had confusion or anxiety and some
pulmonary complications after surgery but no other
postoperative problems, were discharged as healthy.
The high morbidity rate, however, led to extended
recovery periods for all patients, with a median
recovery time of 28 days (range, 10 to 157 days). 
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Fig 1 (cont’d). E, After graft replacement, pneumonec-
tomy was performed to control lung hemorrhage.
Fig 1 (cont’d). F, The greater omentum was mobilized
to cover graft and bronchus.
Table III. Postoperative complications in 19 sur-
viving patients





Spinal cord neurologic deficit 2 11
Cardiac arrest 2 11
DISCUSSION
This small series denotes the particular bias of 1
surgeon (Dr Safi) in the use of PHCA through tho-
racoabdominal incision during repair of the distal
arch and descending thoracic aorta. Only when
proximal control of the aorta was not feasible or
when catastrophic bleeding occurred intraoperative-
ly did we resort to profound hypothermia. Patient
recovery was frequently complicated by associated
illnesses, such as chronic renal failure, heart disease,
or cerebrovascular injury. Nonetheless, we feel that
pulmonary complications after surgery, even after
taking preoperative conditions into consideration,
were exceedingly high (62%) and worthy of note.
Also, the mortality rate was high (29%), and PHCA
did not prevent spinal cord neurologic deficit (11%)
or stroke (21%). Currently, the adjuncts most fre-
quently used in this service for spinal cord protec-
tion are distal aortic perfusion and cerebrospinal
fluid drainage. In all our studies, the incidence rate
of spinal cord neurologic deficit in highest risk type
II thoracoabdominal aortic aneurysm patients has
remained less than 10%, with no instances of early
paraplegia in type I patients.1,9
In the past decade, some authors have advocated
the efficacy of hypothermic circulatory arrest via left
thoracotomy in spinal cord protection.5 Although in 1
study the authors concluded that PHCA may lower
the incidence rate of spinal cord neurologic deficit
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Fig 2 (cont’d). B, Completed graft replacement, with
reattachment of intercostal arteries.
Fig 2. A, Chronic type A dissection with aneurysm of the
distal arch and thoracoabdominal aorta. 
among the traditionally high-risk type I and type II
thoracoabdominal aortic aneurysm, the mortality 
rate was 23% for type II thoracoabdominal aortic
aneurysms. Neurologic deficit was low but not pre-
vented. Among the 46 surviving patients, neurologic
deficit occurred in 7%, and 4.3% of the patients had
strokes with resultant hemiparesis. The incidence rate
of renal failure requiring dialysis was 2.2%; pulmonary
dysfunction occurred in 29% of patients; and cardiac
complications occurred in 4.3% of patients. More
moderate in their support of PHCA, Kieffer et al6 sug-
gested the selective use of PHCA for spinal cord and
visceral protection. In their series of 15 patients the
30-day mortality rate was 27%, with paraplegia occur-
ring in 8.3% of the 11 surviving patients. There were
no strokes. Of the surviving patients, no patients had
serious cardiac complications, 2 had pulmonary com-
plications, and 4 had abnormal postoperative bleeding.
What we and many surgeons conclude is that
PHCA is sometimes used at the expense of a substan-
tially increased rate of mortality, blood use, and pul-
monary complications.10,11 In 1987, Crawford and
associates11 reported on a series of 25 patients. From
their experience, they concluded that PHCA and left
thoracotomy should be reserved for special situations,
that use of this technique did not significantly reduce
morbidity and mortality rates, and that application of
this adjunct simply to prevent paraplegia is not war-
ranted. The 30-day mortality rate was 16%, and the
incidence rates of stroke and paraplegia were each
11%. Of the postoperative complications, the pul-
monary morbidity rate was significant, with 48% of
patients requiring prolonged respiratory support. In
our series of 21 patients, the 30-day mortality rate was
29%. Of those cases in which PHCA was used on an
emergency basis, the mortality rate was 50%. The high
rate of pulmonary complications played a predomi-
nant role in an extensive average recovery of 30 days. 
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Fig 3. A, Thoracoabdominal aortic aneurysm type I caused by chronic type A aortic dissec-
tion. B, Graft replacement of thoracoabdominal aorta with smaller graft from left subclavian.
We believe that the high mortality rate and pul-
monary complications of these series warn against
the regular use of this technique. Although we con-
sider profound hypothermic circulatory arrest to be
a required adjunct in the treatment of some patients
with complex aortic disease, we have concluded that
the technique should be reserved for situations in
which there is no alternative, in which aortic cross-
clamping would present the greater risk. Although
the protective properties of hypothermia are well
documented in surgery of the ascending aorta and
transverse aortic arch, the drawbacks of lowering
systemic temperature also are well known.12
The authors give special thanks to their editor, Amy
Wirtz Newland.
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